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Summer Solstice... And the Swampland
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We will journey into the Swampland...
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We will journey into the Swampland...
1. The Swamp...what?

e Why String Theory comes with a Landscape of vacua.
e Eft’s outside of the Landscape lie in the Swampland.
e How to find your own conjecture.
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We will journey into the Swampland...
1. The Swamp...what?

e Why String Theory comes with a Landscape of vacua.
e Eft’s outside of the Landscape lie in the Swampland.
e How to find your own conjecture.

2. Charting the Swampland: A landscape of conjectures.
— A good map: (Palti, 2019)

3. Looking for a unifying principle.

4. Phenomenological applications: A new (provocative) framework?
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From String Theory to our universe: The Landscape...

Put a String Theory on a CYj...
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..And get a Universe

In fact a whole Landscape of Universes
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...And the Swampland

e Can we get any universe? (a.k.a. any (EFT)) =
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...And the Swampland

e Can we get any universe? (a.k.a. any (EFT)) = m

e EFT’s reachable from String Theory are in the Landscape. Anything
else, in the Swampland.

EFT’s

String Theory

e We want to chart the boundaries. One conjectures criteria to specify
this boundary.
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How to find your own Conjecture? J
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Evidence from Quantum Gravity (Global Symmetries)

A black hole (BH) argument (Banks & Dixon, 1988)

o Take theory with U(1) global symmetry. An evaporating BH can’t shed its charge!
%

q>>1

e Global symmetries are inconsistent with no-hair theorem + Hawking evaporation.
An AdS/CFT Proof (Harlow & Ooguri, 2018)

e A global symmetry in the CFT is splittable. A local operator transforming under a
global symmetry in the bulk can’t be reconstructed from the boundary.

Global Symmetry Gauge Symmetry
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Evidence from String Theory (Global Symmetries)

String Theory is the best understood theory of Quantum Gravity (QG).
One can consider it an “experimental” arena for QG properties.

Caveat: We might be looking under the String Lamppost.

Remarkably, many “experimental” observations can be argued for using
general QG arguments.

In String compactifications one finds:

1. All symmetries are gauged by the diffeomorphisms in compact
dimensions.

All representations of a gauge symmetry are realized.

Gravity is weaker that other gauge forces.

Non-SUSY stable vacua are, at best, extremely sparse.

o~ 0D
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A Landscape of Conjectures
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A Landscape of Conjectures

No global
Symmetries
(1988; 2011)
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A Landscape of Conjectures

Completeness
(2004)
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A Landscape of Conjectures

Completeness

Finiteness (2004)

of Massless
Fields
(2005)

No global
Symmetries
(1988; 2011)
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A Landscape of Conjectures
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Doesn’t it look similar?
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Looking for a Unifying Principle J
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Looking for a Unifying Principle

Slides from String Pheno 2020
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Looking for a Unifying Principle

Slides from String Pheno 2020
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Emergence
Global Symmetries
e Anomalies inside dynamical objects of the theory
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Global Symmetries are powerful!

e Absence of global symmetries is more powerful that meets the eye.

e Absence of Generalized Global Symmetries can be used to deduce many
conjectures:
1. Completeness of spectrum to explicitly break them.(Rudelius & Shao,
2020)

q
—q
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Global Symmetries are powerful!

e Absence of global symmetries is more powerful that meets the eye.

e Absence of Generalized Global Symmetries can be used to deduce many
conjectures:
1. Completeness of spectrum to explicitly break them.(Rudelius & Shao,
2020)

q
—q

2. Axions to gauge Chern-Weil Global Symmetries. 6 Tr(F A F) analog to
A, J*. See Tom Rudelius talk at StringPheno 2020.
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Global Symmetries are powerful!

e Absence of global symmetries is more powerful that meets the eye.

e Absence of Generalized Global Symmetries can be used to deduce many
conjectures:
1. Completeness of spectrum to explicitly break them.(Rudelius & Shao,
2020)

q
—q

2. Axions to gauge Chern-Weil Global Symmetries. 6 Tr(F A F) analog to
A, J*. See Tom Rudelius talk at StringPheno 2020.
e Compactification with a non-trivial bordism can be thought as a global symmetry.
All compactifications must be trivial in bordism.(McNamara & Vafa, 2019)
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Some Interesting Conjectures for Pheno J
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A new (provocative) framework?

In phenomenology we assume the Wilsonian framework:

e SM unifies with Quantum Gravity at the Planck Scale.

e As we go down to an EFT, irrelevant operators decouple. The UV
decouples from the IR.

e We can ignore Quantum Gravity effects at low energies.
The Swampland program says the opposite:

¢ In Quantum Gravity UV and IR are connected. E.g. Black Holes.

e Some EFT’s may not be UV completed to Quantum Gravity.
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No non-SUSY AdS vacua.

e In a consistent theory of Quantum Gravity there are no stable
non-SUSY AdS vacua. (Ooguri & Vafa, 2017)

e EFT’s belonging to the swampland must be consistent under
deformations allowed by QG. In particular compactification.

o Compactify the SM in a circle! It turns out that it can give 3d
(Non-SUSY) AdS depending on neutrino physics.

e For instance, Majorana neutrinos lead to AdS. They are not allowed.

e Lightest Dirac neutrinos must be light(lbanez ef al., 2017; Hamada &
Shiu, 2017):

m, < 7.7meV (NH), m, <2.1meV (IH) (1)

e A lower bound on the cosmological constant A > m?.
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The Axion WGC

e An axion is an scalar field with a perturbative shift symmetry broken by a
non-perturbative superpotential generated by e.g. instantons:

L e —1*(dp)? +A\* > e %°(1 —cos(ge)) )
q
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The Axion WGC

e An axion is an scalar field with a perturbative shift symmetry broken by a
non-perturbative superpotential generated by e.g. instantons:

L e —1*(dp)? +A\* > e %°(1 —cos(ge)) )
q

e Axion WGC: An axion must couple to an instanton with action S s.t.

(Arkani-Hamed et al., 2007)

e For perturbative control: S > 1, which implies f < M,.

e The bound on the periodicity of the axion limits its physical applications
(natural inflation, relaxion...).
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The Swampland Distance Conjecture

e As one moves in Moduli Space, a tower of states becomes
exponentially light,
dj ¢
Mf < M,-e_a"TP (3)
e This implies that, if one varies an scalar field, the EFT becomes
inconsistent as the distance approaches the mass scale.

e The prototypical example is Kaluza-Klein compactification with strings.

w=3/], 2 2
D o

e |t can be seen as a statement about the behaviour of

asymptotic/singular regions in Moduli Space.
e Constraining whenever one has large field displacements.

e |t can be used to constrain light Stuckelberg fields.(Reece, 2019)
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The (Refined) DeSitter Conjecture

e There is a controversial claim that, any scalar potential would be
required to satisfy:(Obied et al., 2018; Ooguri et al., 2018; Garg &
Krishnan, 2018)

[VV|>¢cV or min(ViV;V) < —c'V (4)

e A consequence of this statement is that metastable DeSitter vacua,
satisfying,
vV=0, V3V<0, V>0 (5)

would not be allowed in QG.

e It has been used to argue for Quintessence, which is itself very difficult
to achieve in QG.

e |t may also have implications on Inflation. The precise implications have
been studied in the literature.
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Conclusions

e String Theory comes with a Landscape of vacua.

o We believe the Landscape is a tiny subset of the EFT’s. Outside of it lies
the Swampland.

e One characterizes the boundary of the Landscape conjecturing
features of it.

e In the last years connections between the conjectures are appearing.
Are there underlying principles?

e Quantum Gravity may affect non-trivialy the IR. An opportunity for QG
phenomenology!?
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